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INTRODUCTION 


In a former paper! embodying a study of the general course of the 
carbohydrate transformations in sweet potatoes (Ipomoea batatas) 
during storage, certain data were presented indicating that the sugar 
content of sweet potatoes remains comparatively low while they 
are in the ground, but that immediately after the roots are harvested 
there is a transformation of starch into sugar which takes place more 
rapidly at that time than at subsequent periods. It was pointed out 
that this initial transformation seemed to be not greatly affected by 
temperature, but seemed rather to depend upon internal factors. It 
was suggested that possibly this initial change was associated with the 
cessation of the activity of the leaves. In view of the fact that this 
initial change appeared to be a phase of the carbohydrate metabolism 
of the sweet potato which was inaugurated only under certain conditions 
and which differed in some respects froth subsequent changes, it seemed 
worth while to investigate this process more fully in order to make out 
something, if possible, as to its nature by a study of its progress at dif- 
ferent temperatures. 


EXPERIMENTATION IN CARBOHYDRATE TRANSFORMATION 
PLAN OF EXPERIMENTS 


The plan carried out in this work was, in general, to compare the 
carbohydrate transformations taking place in sweet potatoes during a 
period of 10 or 12 days immediately after they had been dug with the 
changes taking place during a second subsequent period of equal length. 
These experiments were carried out at temperatures of 30°, 15.5°, and 
gS. 





1 Hasselbring, Heinrich, and Hawkins, L. A. Physiological changes in sweet potatoes during storage. 
In Jour. Agr. Research, v. 3, nO. 4, Pp. 331-342. rors. Literature cited, p. 341-342. 
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The sweet potatoes used in the first series of experiments were dug 
on September 30, thoroughly washed, and were kept covered in the 
laboratory until the following day. In the further manipulation each 
potato was split lengthwise into two parts as nearly equal as possible. 
So far as could be determined the potatoes were cut longitudinally in a 
dorsiventral plane. One half, marked ‘‘a,” was ground immediately, 
and samples were taken from the mash for the determination of mois- 
ture, sugar, and starch. The other half, marked “b,’ was stored. Six 
halves were stored at each temperature, the corresponding halves hav- 
ing been grated and sampled as described. The operation of preparing 
and sampling the halves for a set of experiments at the three tempera- 
tures required two days. Simultaneously with the halves a number of 
whole sweet potatoes were put into the constant-temperature chambers 
in which the experiments were conducted. At the end of 12 days the 
stored halves were taken out, grated, and sampled. After the completion 
of this operation, which required two days, the stored whole potatoes (which 
during this time had been subjected to the same conditions as the stored 
halves) were split lengthwise, like the first set, and one half was prepared 
for analysis. The other half was stored for another period of 12 days, 
after which it also was grated and analyzed. It will thus be noted that 
the difference in composition of the two halves of the first set of roots 
showed the change during the first period of 12 days immediately after 
the potatoes had been dug, while the difference in composition of the two 
halves of the second lot showed the change for a second period of 12 
days immediately following the first period. 

Although the time during which the sweet potatoes were exposed to 
the experimental conditions was essentially the same for the comparable 
lots, some unimportant differences necessarily crept in. Thus, for 
instance, it was impossible to prepare a complete set in a single day; 
therefore, one half of the potatoes used in the experiment were prepared 
one day and the other half the following day. Consequently, the one 
lot remained in the laboratory about a day longer than the other. Also, 
although the different groups were taken out of their respective chambers 
in the same order in which they were put in, no attention was paid to the 
order in which the individual potatoes were removed, since it was neces- 
sary to work as rapidly as possible. On this account it is likely that 
some halves remained in the chambers a few hours longer and others a 
few hours less than the assigned period, but it is obvious, considering the 
slowness of the changes that take place, that these discrepancies can have 
no effect on the general result. 

The whole sweet potatoes stored simultaneously with the first set of 
halves also remained in the chambers two days longer than the halves, 
on account of the time required to grind and sample the stored halves; 
but this also is of no consequence, since the object of the experiments was 
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to compare the changes in the roots during the period immediately after 
they were dug with those during a subsequent period of the same length. 

The second series of experiments was in all respects like the first except 
that the potatoes were dug on October 16 and placed in the experimental 
chambers on October 17 and 18. The length of time of storage was 12 
days. 

It was the object of the third series of experiments to determine the 
effect of removal of the vines on the initial carbohydrate changes in the 
sweet potato. The potatoes used in this series were, therefore, not dug 
until some time after the vines had been killed. The first frost, which 
killed the leaves but not the vines, occurred on October 22; a fewdays 
later, October 27, the vines were cut off close to the ground, so that from 
this time there would be no further transfer of materials from the vines to 
the roots. The potatoes were dug on November 6 and were thereafter 
treated as described for the other experiments, with the exception that 
the storage period was 1o days. 


METHODS OF ANALYSIS 


The methods of analysis were essentially the same as formerly de- 
scribed.! Only afew exceptions need be noted. The samples for moisture 
determinations were covered with 95 per cent alcohol as before, but the 
alcohol was evaporated in a drying ovenat 50°C. Thereupon the samples 
were dried to their lowest weight in a vacuum oven in a slow current of air. 
This procedure gave clean, nearly white samples. For the starch deter- 
minations 10 gm. were weighed out and the whole sample, instead of 
an aliquot, was extracted, ground, and used for hydrolysis. The sugar 
samples were put into flasks, which were then nearly filled with 70 per 
cent alcohol, with the addition of a little calcium carbonate, and boiled 
for a minute or two. The starch samples were stored, without boiling, 
in 95 per cent alcohol. 


GENERAL OBSERVATIONS ON THE EXPERIMENTS 


In the experiments described halves of the same sweet potato were 
compared with each other, the one being analyzed inimediately and the 
other at the end of a 10 to 12 day period of storage. Two questions 
immediately arise regarding this procedure, which was adopted because 
different sweet potatoes of the same variety differ much in composition: 
First, are the halves of the same potato alike in composition; and, second, 
do the cut potatoes behave in the same manner as whole potatoes in 
storage? 

Miiller-Thurgau ? in his work on the common Irish potato found that 
there were only slight differences in the sugar content of the two halves 





1 Hasselbring, Heinrich, and Hawkins, L. A. Physiological changes in sweet potatoes during storage. 
In Jour. Agr. Research, v. 3, 0. 4, P. 331-342. rors. Literature cited, p. 341-342. 

2Miiller, Hermann, Thurgau. Ueber Zuckeranhiufung in Pflanzentheilen in Folge niederer Tempera- 
tur. Ein Beitrag zur Kenntniss des Stoffwechsels der Pflanzen. In Landw. Jahrb., Bd. 11, p. 751-828, 
pl. 26. 1882. 
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of potatoes cut lengthwise; it was therefore somewhat astonishing to 
find considerable differences in the two halves of sweet potatoes which 
were examined in July and August and which had been stored up to 
that time from the previous year. On this account further examinations 
were made of freshly dug sweet potatoes and of others of the same crop 
which had been stored in the chambers with the experimental sweet 
potatoes. The results of these examinations are given here. 

On September 9 three freshly dug sweet potatoes were split dorsi- 
ventrally as nearly as could be judged. While one half was being pre- 
pared tor analysis the other was kept wrapped in a damp cloth. From 
the mash of each grated half two samples were weighed out for sugar 
determinations, two for starch, and two for moisture. From each of 
the sugar samples and from each of the starch samples two determina- 
tions were made. The results calculated in percentages are given in 
Table I. ‘The halves of the same potatoes are indicated by “a” and “b.”’ 
The data afford an opportunity to estimate the error that is likely to 
occur in duplicate determinations in one sample, the error in sampling, 
and also the difference in composition of the halves of the same potato. 
The data show that the longitudinal halves of freshly dug sweet potatoes 
have very nearly the same composition and that errors due to method 
and technique are negligible. 


TABLE I.—Percentage composition of halves of freshly dug sweet potatoes 
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To determine the effect of storage on the composition of different 
parts of the same sweet potato a number of other potatoes which had 
been stored for various lengths of time under different conditions were 
examined. One set of three potatoes was kept in the laboratory for four 
days. ‘The other sets were stored for a month in the different chambers 
with the experimental potatoes. 

In this case two samples were taken from each half, but the determina- 
tions were not made in duplicate for each sample. The results of 
these analyses are collected in Table II. 


TABLE II.—Percentage composition of halves of sweet potatoes kept for various times 
under different conditions 
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TaBLE I1.—Percentage composition of halves of sweet potatoes kept for various times 
under different conditions—Continued 


STORED IN 5° C. CHAMBER FROM OCT. 17 TO NOV. II 
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The results indicate that the longitudinal halves of sweet potatoes 
which have been stored for a time are likely to show a greater dissimi- 
larity in composition than the halves of freshly dug potatoes. ‘The dif- 
ferences, however, are not sufficiently great to overshadow the significant 
differences seen in the later tables. The inequality in composition of the 
halves of the same potato is much less than the unlikeness of different 
potatoes. The method of comparison of halves is therefore more satis- 
factory than the comparison of different whole potatoes unless a suffi- 
cient number be used to obliterate, to a great extent at least, errors due 
to individual differences. 

The question whether the cut halves behave in the same way in storage 
as whole sweet potatoes can be more easily discussed in connection with 
the data presented later. It should be mentioned here, however, that in 
the first experiment at 15.5° C. the halves lost an unusual quantity of 
moisture and that this drying may have had some influence on their 
behavior. In subsequent experiments precautions were taken to avoid 
a loss of moisture as far as possible. 


EXPERIMENTAL DATA 


The data relating to all the experiments are collected in Tables III, 
IV, and V. ‘Table III contains the data of the three experiments con- 
ducted at 30°, Table IV those of the experiments at 5°, and Table V 
those of the experiments at 15.5° C. Under each experiment the first 
section refers to the changes in composition of the sweet potatoes during 
the first period of 10 to 12 days immediately after the roots were dug, 
while the second section gives the changes during a period of equal length 
immediately following. The change during each period is shown by the 
difference in composition between the “a’”’ halves analyzed at the begin- 
ning of their respective periods and the “b”’ halves of the same potatoes 
analyzed at the ends of the periods. The data in each case are based on 
the water content of the first half of the potato analyzed. The columns 
of differences show, respectively, the difference in the percentage of 
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reducing sugar, cane sugar, and starch in the half of the potato analyzed 
at the beginning, and the corresponding half analyzed at the end of the 
same period. These differences therefore represent the increments in the 
percentage of these substances in the stored halves during the 10- or 12- 
day storage period. 

In the discussion of these tables it will be most convenient to compare 
the results of the experiments conducted at 30° with those of the experi- 
ments conducted at 5° and to consider later the experiments at 15.5° C. 

The first and second experiments carried out at 30° (Table III) are 
similar in plan and execution and the results are entirely congruous, so 
that they may be discussed together. In both of these experiments 
there is a marked loss of starch during the first period of 12 days following 
the digging of the potatoes, but very little further loss during the second 
period. The changes in cane sugar correspond inversely to the changes 
in starch. During the first period there is a large increase in cane sugar, 
but during the second period there is almost no further gain. The 
figures showing the changes in reducing sugar during the first period are 
irregular, but during the second period there is a consistent and well- 
marked loss. 


TaBLE III.—Changes in composition of sweet potatoes at 30° C. 
FIRST EXPERIMENT (FIRST PERIOD) 
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TABLE III.—Changes in composition of sweet potatoes at 30° C.—Continued 


SECOND EXPERIMENT (FIRST PERIOD) 
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In connection with the changes in reducing sugar the effect of cutting 
on the behavior of the potatoes must be considered. One of the most 
pronounced effects of wounding plant organs is a stimulation of respira- 
tion. The respiration of sweet potatoes is nearly doubled when they are 
split longitudinally, and the effect, though decreasing, extends over many 
days. By reason of this increased respiration split potatoes consume a 
much larger part of their reducing sugar than do whole potatoes. Never- 
theless, in spite of this excessive respiration, there was, on the whole, 
during the first period a slight increase in reducing sugar, which is signifi- 
cant in comparison with the distinct loss during the second period. It 
appears clear, therefore, that more reducing sugar was formed during the 
first period than during the second; for during the first period the pro- 
duction of reducing sugar kept pace with its utilization, while during the 
second period the production was not sufficiently rapid to compensate for 
the quantity used. 

Further evidence that more reducing sugar is formed in the potatoes 
during the first period than is indicated by the figures in the difference 
column is furnished by the whole potatoes stored with the first set of 
halves and split at the end of the first period. The percentage of reducing 
sugar in these ‘‘a’”’ halves of the second period is much greater than in 
the “‘b”’ halves of the first period, with which they are comparable as to 
time of storage. Unfortunately, there is no such control for the behavior 
of the halves stored during the second period. 

The potatoes used in the third experiment at 30° C. were allowed to 
remain in the ground for 15 days after the vines had been destroyed. 
They may therefore be considered to have been in “storage” in the 
ground during that period. The temperatures during that time, as given 
by observations of the United States Weather Bureau at Washington, 
D. C., were as follows: 
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If the cutting of the vines has any effect on the carbohydrate transfor- 
mations in the roots, the initial changes in these potatoes would have 
been inaugurated during the period after the vines had been cut and 
while the roots were still in the ground. However, the changes in these 
followed the same general course as those in the freshly dug potatoes. 
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There was a large loss of starch and a great accumulation of sugar during 
the first period, very little further loss of starch and accumulation of 
sugar during the second period, and a slight increase in reducing sugar 
during the first period, with a small loss during the second. But if the 
data of this experiment are compared with the corresponding data of the 
first and second experiments, it will be noted that the starch content of 
the sweet potatoes in the third experiment at the time they were dug is, 
on the whole, lower than that of the freshly dug potatoes in the first and 
the second experiments, and the cane sugar is higher, as though a part of 
the starch had already been converted at the time when the roots were 
dug. Furthermore, it will be noted that the loss of starch and the incre- 
ment in cane sugar during the first period are a little less than in the 
corresponding periods of the first and second experiments. These facts 
show that as a result of the cutting of the vines the carbohydrate trans- 
formations had been initiated in these potatoes while they were still in 
the ground, but that the changes did not proceed as rapidly at the 
temperature of the soil as at 30°. 

The results of the experiments at 30° C. may be summed up thus: In 
the freshly dug sweet potatoes whose vines were intact there was a large 
loss of starch and increase of cane sugar during the first period of 12 days, 
and very little further change in these substances during the second 
period. The changes in reducing sugar are obscured by the active 
respiration induced by high temperature and wounding, but, on the 
whole, the data show that there was a more extensive formation of 
reducing sugar during the first period than during the second. The 
potatoes which had been left in the ground for some time after the vines 
had been cut showed the same general phases of change, but their starch 
content was on the whole lower and their sugar content higher at the 
time of digging, and the rate of starch conversion during the first period 
was lower than in the potatoes dug while the vines were still intact. 
These conditions indicate that the carbohydrate transformations had 
proceeded to some extent in these potatoes after the vines had been cut 
and while the roots were still in the ground. 

If the experiments at 5° C. (Table IV) are now examined, a marked con- 
trast is found between these and the experiments at 30°. In the first 
two experiments with potatoes whose vines had remained active up to the 
time of digging, the loss of starch during the first period is much less than 
at 30°, but the loss continues at approximately the same rate during the 
second period. With respect to the behavior of the cane sugar the 
contrast between the potatoes at 30° and those at 5° is equally marked. 
At 5° there is only an insignificant increase in cane sugar during the first 
period, but a marked increase during the second. The reverse is true of 
the reducing sugar. There is a considerable accumulation during the 
first period and a marked reduction during the second. 
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TABLE IV.—Changes in the composition of sweet potatoes at 5° C.—Continued 


SECOND EXPERIMENT (SECOND PERIOD) 
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In the third experiment at 5°, which was carried out with potatoes 
that had been left in the ground for some time after the vines had been 
destroyed, the conversion of starch took place during both periods as in 
the other two experiments, but in contrast with these the accumulation 
of cane sugar took place not only in the second but also in the first period. 
At the same time there was a slight increase in reducing sugar during 
the first period and scarcely any further increase during the second. A 
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further fact should be noted—viz, that the starch content of these pota- 
toes at the beginning of the first period is comparable in general with 
that of the potatoes at the beginning of the second period in the other 
experiments, while the final starch is much lower than in the other two 
groups. Similarly, the cane-sugar content at the beginning of the first 
period is comparable with that of the other groups at the beginning of 
the second period, but the final cane-sugar content is much higher than 
in either of those. 

Here it is even more evident than in the corresponding experiment at 
30° C. that the carbohydrate transformations were well under way at 
the time when the sweet potatoes were dug and that the data given in 
Table IV merely show the continuation of the processes which had 
already been started in the ground. 

If the experiments at 5° are now summed up, it isfound that whether 
the potatoes had been dug while the vines were still active or some time 
after the vines had been destroyed there was a fairly uniform loss of starch 
during both periods. In the first two experiments only inconsiderable 
quantities of cane sugar were formed during the first period, but during 
the second period there was a marked accumulation of cane sugar. In 
the third experiment the accumulation of cane sugar was marked during 
both periods. In contrast to the cane sugar, there was a considerable 
accumulation of reducing sugar during the first period in the first two 
experiments and a slight loss during the second period. In the third ex- 
periment there was little or no accumulation during either period. 

The results of the experiments at 15.5° C. (Table V) do not present the 
same degree of uniformity as those at the other temperatures, but certain 
definite tendencies are evident. In the first experiment the loss of 
starch was large during the first period, but during the second the loss 
was not so great. Correspondingly, there was a considerable quantity 
of cane sugar formed during the first period and much less during the 
second. Very little change in the reducing sugar is evident during the 
first period, but during the second there is a distinct loss. It should be 
recalled here that the halves used in this experiment lost a large amount 
of water and that their behavior may have been influenced thereby, for 
from the work of Lundegardh* it appears that the balance between oil 
and starch and sugar and starch in seedlings is shifted with changes in 
moisture content. The behavior of the roots in the second experiment 
is probably more nearly normal. Here the loss of starch is lower during 
the first period than at 30°, with no further loss during the second. 
The accumulation of cane sugar is not as great at first as at 30°, but is 
distinctly larger than during the second period. The increase in reducing 
sugar during the first period was comparable to that observed at 5°. 
During the second period there was a slight loss. 





l1Lundeg&rdh, Henrik. Einige Bedingungen der Bildung und Auflésung der Stiirke. Ein Beitrag zu 
Theorie des Kohlehydratstoffwechsels. Jn Jahrb. Wiss. Bot., Bd. 53, Heft 3, p. 421-463. 1914. 
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TABLE V.—Changes in composition of sweet potatoes at 15.5° C. 


FIRST EXPERIMENT (FIRST PERIOD) 





? Reducing . 
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DISCUSSION OF DATA 


If the results of these experiments are considered in a general way, it 
is found that the rate of starch conversion varies with the temperature. 
At 30° C. the process is rapid at first, but soon appears to approach a 
point where no further conversion takes place. At 15.5°, if the second 
experiment is regarded as typical, the rate of starch hydrolysis is less 
rapid, but at this temperature also the process seems to approach a state 
of completion. At 5° the process is distinctly retarded, but it continues 
without decrease during the period covered by the experiments. 

The rate of accumulation of cane sugar also varies with the temper- 
ature. At 30° the greater part of the cane sugar is formed during the 
first 10 to 12 days after the roots have been severed from the vines, but 
the rate of accumulation diminishes rapidly. At 5° very little cane sugar 
is produced during the first 10 to 12 days, but subsequently the rate of 
accumulation is considerably increased, as if there were a lag at first in 
the formation of cane sugar at this temperature. 

The behavior of the reducing sugar is obscured by its utilization in 
respiration. It is nevertheless evident from the data presented in this 
paper and in former papers that at 30° C. the production of reducing 
sugar is sufficiently rapid to provide all that is used in respiration and 
still permit a considerable accumulation which, under normal condi- 
tions, is not far behind that at 5°. At 15.5° (second experiment) and 
at 5° there is a marked accumfilation of reducing sugar at first, but at 
these temperatures, as well as at 30°, there is very little further accumu- 
ation, or even a slight subsequent loss. 

The apparent lag at first in the accumulation of cane sugar associated 
with the marked accumulation of reducing sugar at low temperatures may 
throw some light on the process of the formation of cane sugar from 
starch. In the experiments at 5° C. reducing sugar was obviously 
formed during the first period as a result of the conversion of starch. 
The disappearance of starch continued at the same rate during the 
second period. During this period there was, however, no further in- 
crease in reducing sugar, but a large increase in cane sugar. Since it is not 
likely that in the one instance reducing sugar resulted directly from the 
conversion of starch, and in the other, cane sugar, it may be assumed that 
the production of reducing sugar went on at a rate corresponding to the 
loss of starch during both periods and that the excess which was pro- 
duced during the second period was utilized in the formation of cane 
sugar. In this connection it is worthy of note that the concentration of 
reducing sugar always remains comparatively low. Even at low tempera- 
tures, at which starch transformation goes on continuously and respira- 
tion is reduced to a minimum, the reducing sugar content does not rise 
above 2 to 2.5 per cent. It appears, therefore, that with the exception 
of the quantity used for respiration the reducing sugar is transformed into 
cane sugar as fast as it is formed from starch. Its rate of transformation 
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would, therefore, be correlated with that of the starch. -From these con- 
siderations it appears that the hydrolysis of starch in the sweet potato 
results directly in the formation of reducing sugar, as has been observed 
in cotyledons and other living plant organs, and that the cane sugar is 
synthesized from the reducing sugar. Cane sugar is therefore the end 
product of this series of carbohydrate transformations. 

It has sometimes appeared from the extensive accumulation of cane 
sugar in plant organs at low temperatures that this process went on 
more rapidly at low than at high temperatures. Such a conclusion 
would seem to be justified if later phases of the process were compared 
at different temperatures, as illustrated by the data relating to the sec- 
ond periods of the experiments at 30° and at 5°. These data show that 
during these periods the loss of starch and the gain in sugar was greater 
at 5° than at 30°. On the basis of the interpretation given above, how- 
ever, it is clear that all these reactions conform in general to the Van’t 
Hoff temperature rule regarding chemical reactions. Thus, the rate of 
conversion of starch is higher at 30° than at 5°, but the reaction obvi- 
ously approaches an end point which is more rapidly approximated at 
30° than at 5°; hence, the reaction slows down more rapidly at 30° than 
at 5°. Itis evident also that the production of cane sugar is more rapid 
at higher temperatures, and that the reaction, which is prolonged at 
5°, nears an end point more quickly at 30°. Hence, if these reactions at 
different temperatures are compared in their later phases, they will appear 
to be more rapid at the lower temperature. In the common Irish potato, 
as well as in some other living plant organs, the series of reactions re- 
sulting in the production of cane sugar from starch has been found to be 
reversible. It is not unlikely that in the sweet potato also the reaction is 
reversible and that thus the attainment of a final equilibrium between 
the starch, reducing sugar, and cane sugar is explained. The end point 
of the reaction or the point of equilibrium is greatly shifted with change 
of temperature, with the effect that at low temperatures the system 
permits a greater concentration of sugar than at higher temperatures. 

On the basis of these considerations a rational interpretation can be 
given of the rapid initial carbohydrate transformations, which have been 
mentioned several times and which it was in part the object of this work 
to study more fully. The fact that there is a comparatively rapid trans- 
formation of starch to cane sugar in sweet potatoes during the first few 
days after they have been dug and a very much slower transformation 
subsequently is supported by the data of the experiments conducted at 
30° and at 15.5°. At 5°, however, the disappearance of starch continues 
at about the same rate during both periods, while the rate of accumula- 
tion of cane sugar is low at first and higher afterwards. All these facts 
are explicable by the interpretation given above. We have to do here 
with processes whose rate depends on the temperature and which at 

12573°—15——2 
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higher temperatures approach an end point very rapidly, so that we find 
at first a rapid transformation and after a few days almost a cessation 
of the processes. At 5° the rates of the reactions are greately reduced, 
but the processes continue over a much longer period of time, and the 
starch conversion and sugar accumulation are much more extensive. At 
this temperature the course of the reactions becomes clear. The con- 
version of starch results in the formation of reducing sugar. As the 
concentration of reducing sugar increases, the rate of formation of cane 
sugar rises, but at first there is a lag in the production of cane sugar. 

There remains to be considered the influence of the vines on the car- 
bohydrate transformations of the sweet potato. From work formerly 
reported it appears that the conversion of starch to sugar does not take 
place to any marked extent in the growing potato, and that the inau- 
guration of this process is probably associated with the cessation of the 
flow of materials from the vines. The data of the third series of experi- 
ments confirm this suggestion and show that when the vines are de- 
stroyed, even if the roots are left untouched in the ground, the carbo- 
hydrate transformations begin. In the third series of experiments carried 
out with sweet potatoes which were left in the ground for some time after 
their vines had been cut, there is evidence which has been set forth in 
the description of the experiments that the carbohydrate transformations 
were well under way when the potatoes were dug. It is therefore safe to 
conclude that the activity of the vines inhibits the conversion of starch 
to sugar in the growing sweet potato. 


CONCLUSIONS 


From the data given in this paper it appears that in the carbohydrate 
transformations in stored sweet potatoes starch is first converted to 
reducing sugar and cane sugar is synthesized from the reducing sugar. 
The rates of starch hydrolysis and of sugar synthesis in a general way 
conform to the Van’t Hoff temperature rule for rates of chemical reac- 
tions. At high temperatures the reactions are rapid at first, but soon 
become slower and approach an end point. At low temperatures the 
rates are slower and the end point is so shifted as to permit a greater 
concentration of sugar. The reactions are continuous. 

In the growing sweet potato the concentration of sugar remains com- 
paratively low. The extensive conversion of starch into sugar appears 
to be inhibited by the activity of the vines. When the vines are de- 
stroyed and the flow of materials to the roots is thus interrupted, the 
carbohydrate transformations characteristic of stored sweet potatoes are 
begun, even if the roots are left in the ground 





DIURESIS AND MILK FLOW 


By H. STEENBOCK, 
Assistant Chemist, Agricultural Experiment Station of the University of Wisconsin 


INTRODUCTION 


In studying the comparative efficiency of the nitrogen of alfalfa hay 
(Medicago sativa) and corn grain (Zea mays) for milk production, data 
were accumulated and published from this laboratory which suggested 
that alfalfa hay when fed in large amounts often acts as a diuretic and 
thus depresses the volume of milk flow.t While this relation was not 
found with all the experimental animals (cows), it was, nevertheless, 
deemed of sufficient importance to merit the study of the influence of 
specific diuretics on milk flow, as it was barely possible that the diuresis 
which was produced upon the feeding of alfalfa hay was not in itself 
responsible for the depression of mammary activity. 

In view of the importance which hitherto unknown constituents of 
diets and rations have lately assumed, it is of the greatest interest to 
dissect the various factors normally operative in the animal body when 
feeding any of our ordinary rations. Dairy chemists have spent much 
time and effort in studying the various factors which influence the 


secretion of milk and its composition. It seemed not improbable that if 
any of the well-known diuretics were able to influence milk secretion the 


means to vary the proportion of individual constituents might also be at 
hand. 


EXPERIMENTS WITH DIURETICS ON GOATS 


Two goats in full milk flow were used as the experimental animals. 
They were individually confined in metabolism cages which made possi- 
ble the separate quantitative collection of urine and feces. They were 
fed and milked twice a day, the milk of two consecutive milkings being 
composited for analysis and measurement of volume. Careful measure 
of the water consumed and urine voided was recorded. Control of the 
ration consumed was kept only to the extent that results obtained could 
not possibly be due to variation in food intake. Goat 1, weighing 95 
pounds, was fed daily a ration consisting of 2 pounds of oats (Avena 
sativa), 0.5 pound of June-grass hay (Poa pratensis), 60 gm. of air-dried 
casein, 1 pound of fresh sugar beets (Beta vulgaris), and 2 gm. of com- 
mon salt (sodium chlorid). This provided sufficient energy and a suffi- 





1 Hart, E. B., Humphrey, G. C., Willaman, J. J., and Lamb, A. R. The comparative efficiency for 
milk production of the nitrogen of alfalfa hay and the corn grain. Preliminary observations on the effect 
of diuresis on milk secretion. /n Jour. Biol. Chem., v. 19, mo. 1, P. 127-140. 1914. 
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ciently narrow nutritive ratio to serve excellently for milk production. 
Goat 2, weighing 81 pounds, was fed from 1.5 to 2 pounds of oats, 0.5 
to 0.75 pound of June-grass hay, and 1 gm. of common salt daily, 
though the latter was often refused. Great care was taken that any 
variations in salt intake were not of sufficient moment to influence the 
character of the results obtained. Data obtained during periods of low 
consumption or of unusual restlessness of the animal were discarded, as 
such conditions obviously disturb the milk secretion. Everything possi- 
ble was done to contribute to the comfort of the experimental animal, 
in accordance with good dairy practice. 

First, it was desired to ascertain if specific diuretics were able at all to 
influence the volume of milk secreted. At the same time in some 
instances determinations of the total solids and nitrogen in the milk were 
made. As it was suggested in the publication referred to that the salts 
of the alfalfa ration might have been responsible for the diuresis, sodium 
acetate was the diuretic selected for the first trials. It was given per 
os to goat 1, at first with her drinking water, but later, as larger amounts 
were given, as a drench immediately after each milking. During a 
4-day period, when there were administered, respectively, 20, 20, 50, 
and 50 gm. of sodium acetate daily, no diuresis resulted and no change 
in the milk volume occurred. It was not until the dose was increased 
to 80 gm. that the milk flow was materially affected, but even here, as 
seen in Table I, the diuresis was not pronounced. 


TABLE I.—Effect of sodium acetate on milk flow of goat I 





Water. | Urine. | Milk. | Solids. Zee Remarks. 





Co C.c. C.¢. Per cent.| Mgm. 
2,950] 1,150 860} 15. 89 34. 7 | No additions to ration. 
2, 000 750 830 | 16.40 35:7 Do. 

3,000 | 1,250 880 | 15.84 31. 5 Do. 

2,700 | 1,250 18. 22 33.7 | Collection from 80 gm. of 
sodium acetate. 

2,000; 1,400 660 | 17.89 31.5 | Collection from roo gm. 
of sodium acetate. 

I, 725 450 925 | 14.34 30.0 | No additions to ration. 
2,950 635 930 | 15-25] 31-4 Do. 

1, 670 760 985 | 15-39 34.0 Do. 























@ Small amount of the casein beet mixture not consumed. 
> No casein or beets consumed. 

¢ No casein or beets given; 12 ounces oats left unconsumed. 
4 No casein given. 

An increase in percentage of the solids in milk with the decrease in 
volume is pronounced, while the nitrogen content is unaffected. (See 
p. 566.) While the indications from the data on the administration of 
sodium acetate are that the volume of milk flow is decreased with diu- 
resis, yet with the administration of such large amounts of the salt 
as was found necessary, too severe disturbances of the appetite resulted 
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to make the data serve their purpose. Furthermore, the urine was so 
strongly alkaline in reaction that from all appearances of the vulva a 
marked irritation of the urinary tract had resulted. Obviously sodium 
acetate was not a good diuretic to use for the solution of the problem at 
hand. Later some success was obtained with the use of sodium citrate, 
which with goat 2 upon the administration of 40 gm. in two portions 
increased the urinary volume from 170 to 550 c. c. and decreased the flow 
of milk from a volume of 395 to 350 c.c. Its use was not continued. 

It was suggested that with the now well-known diuretic properties of 
the methyl purins, theocin might be a suitable agent. It was admin- 
istered per os to goat 1 in gelatin capsules in two doses daily during a 
g-day period, during which the daily dose was gradually increased 
to 600 mgm. Inasmuch as the dose for man ordinarily is given at 
200 to 400 mgm., it must have been large enough; yet at no time was a 
diuretic effect noticed. Whether this is due to the difficulty of absorp- 
tion with the ruminant was not determined, but at any rate during 
rumination the bitter taste of the regurgitated theocin destroyed the 
appetite of the animal to such an extent that even if it should have been 
effective in larger doses its continued administration was out of the 
question. 

Urea was used next and with good results when given in large doses, 
as shown in Table II. 


TABLE II.—Effect of urea on milk flow of goat I 





Water. Urine. Milk. Remarks. 





Cc. Cie C.6 
2, 000 685 790 | No additions to ration. 

2, 000 625 770 Do. 

2,675 | 1,925 500 | Collection from 50 gm. of urea. 
2, 700 600 850 | No additions to ration. 

2, 000 700 930 Do. 

3,000 | 2,060 660 | Collection from 30 gm. of urea. 
2,900 | 1,160 855 | No additions to ration. 

2,525 | 1,260 780 Do. 

3,285 | 1,825 640 
2,450 850 786 
I, 000 460 700 
2,575 500 755 
I, 925 625 740 

















@ Little casein consumed; its feeding was discontinued from here on. 


Urea when given in diuretic doses decreases the volume of milk secreted 
from 18 to 35 per cent, as seen in Table II. The diuresis in each case 
is followed by a period of one day in which the daily consumption of 
water is higher than normal, which suggests that the decreased flow of 
milk is caused by the withdrawal of body fluids from the mammary gland 
in an attempt of the animal to free its system of the diuretic. Compen- 
sation evidently is not immediately effected by the imbibition of sufficient 
water, and the body secretions are made to suffer as the result. 
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An attempt was made to accentuate the effect of the diuretic on the 
milk flow by keeping the water intake at a level which under normal 
conditions would be entirely sufficient for the animal, but with the addi- 
tional requirements during diuresis draw heavily upon the body fluids. 
Goat 1 was used as the experimental animal. See Table III. 


TABLE III.—Effect of urea with constant level of water intake on milk flow of goat r 





Nitro- 
gen in 
gc. ¢. 





i>) 


Cc Per cent. 
780 | 15.06 
840] 15.06 

16. 19 


v 


ANAKRUA Onns 


Mom. 
33-9 | No additions to ration. 
"33-2 Do. 

33.0 | Collection from 30 gm. of 
urea. 

29. 6 Do. 

32.8 Do. 

33-6 | No additions to ration. 
35,7 Do. 

a8. 2 Do. 


NH HD 


g8888 888° 


860 | 15.70 
900 | 15.06 
845 | 15.99 
725 | 16.18 
820] 15.08 























sooumnst sR m8 





@ Animal very restless; beets not all consumed. 


As seen in Table III, renal activity after the effects of the first day 
was not sufficient to draw noticeably on the mammary secretion for 
fluids. At no time when urea was given, even in the above experiment, 
did the animal show any abnormal desire for water; in fact, the water 
supply when replenished in the morning was usually left untouched for 
some time. Yet it is hardly to be questioned that the animal was in 
great need of water. On the morning of February 2, after the previous 
day’s collection had been made, 25 gm. of urea were given in one dose 
to determine whether larger quantities of urea were necessary to produce 
the desired results. This amount of urea, while large, would not furnish 
any more urea for excretion through the kidneys than 70 gm. of protein, 
and no untoward effects were expected. Yet five minutes after the urea 
was given the animal lay down and soon passed into violent convulsions, 
which terminated fatally in 1 hour and 15 minutes. A morphine hypo- 
dermic was of no avail in preventing death. A post-mortem examination 
gave no clue to the cause of death. Apparently the maximum quantity 
of urea which could possibly be retained with safety in the circulation 
had accumulated during the previous period of urea administration. 
With the sudden flooding of the system with the additional 25 gm. of 
urea the safety limits were exceeded and death resulted. Immediately 
previous to the administration of the final dose of urea the animal was 
ruminating and apparently normal in all respects. The urea used was a 
Kahlbaum preparation and undoubtedly was free from such other toxic 
compounds as cyanid or cyanate, as no untoward results followed the 
subsequent use of urea from the same reagent bottle. It was barely 





Dec. 27, rors Diurests and Milk Flow 565 





possible that the previous severe régime of sodium acetate and purin 
feeding may have injured the kidneys sufficiently to account for the 
results obtained. 

In other trials it was repeatedly demonstrated that the administration 
of urea upon consecutive days would not continue to influence milk secre- 
tion even though diuresis obtained. This is brought out in Table IV. 


TABLE IV.—Effect of repeated urea administration on the milk flow of goat I 





Nitro- 
Milk. | Solids. gen 


in 5c. ¢. 


= 
4 








C.¢ Ce C.e. Per ct. 
1,850 | 1,135 | 880 | 15.00 
2, 500 975 | 840} 14.85 
2, 850 1,125 | 840 | 14. 56 
3,000} 1,685} 710 | 16.55 


3,550 | 2,100| 850| 15.72 
4,000} 2,410} 780 | 16.12 
3,000 | 1,625] 845 | 15.85 
3, 000 735 | 965 | 15.10 
4, 100 345 | 850 | 15.07 
2,075 525 | 875 | 15.00 


Mgm. on ? 
33- 5 | No additions to ration. 
Do. 


33: 5 


34-3 Do. 
35.1 | Collection from 30 gm. of 
urea. 


s 
= 
2 
= 


SANK OD uarond 


32. 3 ’ 
32. 2 Do. 
31. 6 Do. 
31.7 | No additions to ration. 
23.8 Do. 
33-9 Do. 


MARAAAH Ounand | 
uw 


mn 


























It is significant that the consumption of water upon repeated admin- 
istrations of urea increases with the diuresis. Whatever factors may be 
responsible for the symptoms of increased thirst when urea is given, 
they do not become operative until the water supply of the body is drawn 
upon so heavily that milk secretion is reduced. The stimulation of the 
mechanism for maintaining the concentration of the body fluids normal is 
then sufficient to cause the animal to imbibe enough water for all its 
excretory and secretory processes. 

In this connection it was of great interest to determine the effect of the 
administration of sodium chlorid upon milk secretion. Table V gives 
the data obtained with goat 2. 


TABLE V.—Effect of sodium chlorid on the milk flow of goat 2 





Nitro- 
, sen 
in 5c. ¢. 





Mom. 
30. 4 | No additions to ration. 
30. 4 Do. 
Collection from 20 gm. of 
sodium chlorid. 
No additions to ration. 
Do. 
Collection from 20 gm. of 
sodium chlorid. 
No additions to ration. 
Do. 
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While diuresis resulted and more water was lost through the gut, 
as indicated by a softer consistency of the feces, the volume of milk 
secreted was not decreased. This is to be explained by the fact that 
simultaneously with the increased urine flow more than sufficient water 
was consumed to cover the loss. By stimulation of thirst the excessive 
concentration of the body fluids was prevented, and the milk flow was 
not decreased. 

In just what manner the relations between milk flow and urinary 
secretion with alfalfa hay are brought about is not clear. Whatever agent 
may be responsible for the diuresis, its action evidently is different 
from that of urea or sodium chlorid as observed in these studies with the 
goat. 


INFLUENCE OF DIURESIS UPON THE COMPOSITION OF MILK 


It will be noticed in Tables I and VI that with decrease of milk volume 
as caused by diuresis the percentage of total solids is increased. This 
increase is usually completely accounted for by the increase in fat content. 
The nitrogen content is not changed. 


TABLE VI.—Effect of diuresis on milk solids of goat 2 


PERIOD I 








Nitro- 
Milk. ids. . |genper 
sc. ¢, 





Mom. 
33-0 | No additions to ration. 
32 7 Do. 

35. 0 | Collection from 20gm. of urea. 
33-0 | No additions to ration. 

33-9 Do, 

33-0 Do. 

33. 0 | Collection from 20 gm. of urea. 
30. 9 | No additions to ration. 























No additions to ration. 
Do. 


— 
c 
=] 
o 
- 


Collection from 20 gm. of urea. 
No additions to ration. 


bho WO DH 


0. 
Collection from 20 to 25 gm. 
of urea. 
No additions to ration. 
Do. 
Do. 


™ 
+o) 
» @oo°o 





lol 
owe © TOUR WwW WH 
ANAD BUM Quan 




















| 
| 








Dec. 27, 1915 Diuresis and Milk Flow 567 





The constancy of the nitrogen content of the milk made it impossible 
that any of the administered urea found its way into the milk, which 
hypothesis was borne out by direct determination of urea in the milk. 

One hundred c. c. of milk were measured off into a 250 c. c. volumetric 
flask, diluted with 100 c. c. of water, and the proteins removed at boiling 
temperature by the cautious addition of a 10 per cent solution of acetic 
acid. Generally about 1 c. c. was required. After cooling, the contents 
were made up to volume, set aside for 10 minutes, and then filtered 
through a dry folded filter. One hundred c. c. of the filtrate were 
pipetted off into an aeration bottle made slightly alkaline to phenol- 
phthalein with a 10 per cent solution of sodium hydroxid and then acidified 
by the addition, drop by drop, of a 10 per cent solution of monobasic 
potassium phosphate (KH,PO,). After incubation for two hours at 
41° C. with 2 ¢. c. of a 10 per cent solution of urease in the presence of 
toluol, the ammonia was aspirated into N/28 hydrochloric acid. Fusel 
oil was used to prevent foaming. The air current was broken up into 
fine bubbles in the acid by firmly inserting a small plug of glass wool into 
the end of the tube dipping into the acid. Later, it was found feasible 
to make the urea determination without the previous removal of the 
milk proteins, as the fusel oil was sufficiently active in preventing foam- 
ing. A small amount of ammonia was found to be present in milk, but 
as this is practically negligible, the results are expressed as total 
ammonia in terms of milligrams of nitrogen per 100 c. c. of milk. (See 
Table VIII.) 


TABLE VIII.—Effect of the administration of urea to goat 2 on the urea content of milk 





Nitrogen Nitrogen 
as NH3 as NHs 

and urea . * and urea . . 
per 100 ’ 4 s " per 100 . | Milk. 
c. c. of c. c. of 
milk. milk. 








Mgm. Cem Ca 5 Mom. 
July ro... 42: 190 | 500 ies 11. 
ee 10. § 210 | 510 ; 
| ao 13. 80 | 480 
T3.-- 9 315 | 435 
EBs’ Q- 200 480 
ee 11. 345 | 375 || 



































The independence of the urea excreted and the urea put out in the 
mammary secretion strongly suggests that the urea in milk in large part 
is the result of mammary activity and not the result of a mere diffusion 
from the circulation. 

CONCLUSIONS 


(1) Urea administered in a diuretic dose is able to decrease temporarily 
the flow of milk. Upon repeated administration the increased intake 
of water which follows the impoverishment of the tissues with respect to 
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water content balances the draft for water imposed by the diuretic, and 
the milk secretion comes back to normal. 

(2) Sodium chlorid with its diuretic action as well as its laxative effect 
is unable to depress milk secretion under normal conditions, as it simul- 
taneously calls forth an excessive thirst, which increases the water intake. 

(3) With the decreased flow of milk caused by a diuretic the percentage 
of solids is increased. Fat here is the principal variable. 

(4) The mammary gland shows no tendency to absorb and subsequently 
put out in its secretion additional urea absorbed by the circulation. 

(5) It is difficult to interpret the results sometimes obtained with 
alfalfa hay as due to diuresis alone if urea diuresis can be taken as 


a type. 





PETROGRAPHY OF SOME NORTH CAROLINA SOILS AND 
ITS RELATION TO THEIR FERTILIZER REQUIREMENTS 


By J. K. Plummer, 
Soil Chemist, Division of Agronomy, North Carolina Agricultural Experiment Station 


INTRODUCTION 


In connection with the detail study of the soils of North Carolina, the 
writer has had occasion to make many mineralogical analyses of the 
existing soil types as defined by the United States Bureau of Soils. These 
examinations have included all types of any prominence thus far en- 
countered in the survey and give some rather interesting data as to the 
formation and character of these soils which may be of more than local 
interest. 

The available data showing the mineral composition of soils are 
meager. ‘The scope of those found is so broad that definite conclusions 
can hardly be drawn as to the relationships which exist between the 
mineral component and the character of soils. The behavior of the 
various soil-forming minerals toward the forces of weathering will have 
to be known before the soil investigator will be able to solve many of the 
complex problems confronting him. 

The methods used in these analyses are essentially those compiled 


by McCaughey and Frye.! Unfortunately, one serious criticism may be 
made regarding these methods—i. e., the defiance of members of the clay 
group against identification. It is quite possible that this group plays 
the most important réle in the various soil phenomena of all the sepa- 
rates which compose the soil. Yet it would seem that since the clay 
owes its origin to the coarser particles, some definite knowledge of 
the composition of the latter would be imperative. 


SOILS OF NORTH CAROLINA 


The soils of North Carolina are quite heterogenous and furnish well- 
defined examples for a discussion of the petrography of soils. The 
State is divided into three provinces, determined largely by the physio- 
graphic provinces used in any study of physical geography. There are 
the old Appalachian, locally known as the Mountain section, Piedmont 
Plateau, and Atlantic Coastal Plain. As will be shown later, wide varia- 
tions in the mineralogical composition of the soils of these provinces are 
encountered. 

Practically all of the soils of the mountains are of residual origin and 
are derived from igneous and metamorphic rocks, mainly gneiss, schists, 





1McCaughey, W. J., and Fry, W. H. The microscopic determination of soil-forming minerals. U.S. 
Dept. Agr. Bur. Soils Bul. 91, 100 p., 12 fig., 12 tab. 1913. Bibliography, p. 99-100. 
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and granites. The sandy loams, sands, and most of the loams are prod- 
ucts of the gneiss and granites; the heavier loams, clay loams, and clays 
have been derived, for the most part, from schists. 

With few exceptions, the soils of the Piedmont Plateau are residual. 
The rocks of this section are varied and complex, being composed of (1) 
such igneous material as diorite, diabase, gabbro, and granites; (2) such 
metamorphosed igneous material as gneiss, schists, and slate, and (3) 
such young sedimentary rocks as Triassic sandstone and shale. 

None of the soils of the Atlantic Coastal Plain are residual. They all 
belong to the broad division known as ‘‘transported’’ and are composed 
of unconsolidated material laid down from the provinces of higher 
topography. Because of the abrasive and leaching forces which have 
entered into their formation, the least resistant minerals have been 
removed, quartz composing mainly the entire soil mass. 

In the mineralogical composition of the soils series here reported, 
the average analyses of five samples of each series were taken. These 
samples were selected from widely separated areas in order that the 
series might be as nearly representative as possible. It was recognized 
at the outset that it would have been better to show the composition of 
the various types of a series, but space would not permit such procedure. 
However, it may be said as a general rule that there are no appreciable 
differences in the occurrence of the minerals in the various types of a 
series. There are wide variations in the preponderance of different 
minerals in the types, but usually each series carries the same minerals 
in all of its types. 

To obtain these results, a separation by mechanical analyses of the sand, 
silt, and clay of each sample was necessary, and the mineral composi- 
tion of the sand and coarse silt was determined. The clay particles were 
discarded as being too small for identification. The results are given in 
Table I, and include the estimation of all the minerals except quartz— 
the more abundant or characteristic minerals and the less abundant or 
secondary in quantity present. 

A careful study of Table I will show some rather interesting data con- 
cerning the mineral component of the sand and silt particles of these 
soils. One of the most striking points is the wide difference in mineral 
complexity between soils of the Appalachian Mountains and those of 
the Piedmont Plateau and the Atlantic Coastal Plain. ‘The soils of the 
Porters series are the predominating soils of the former province. The 
Toxaway soils, which are found in the valleys, are of alluvial origin 
modified by colluvial wash. In these soils there is a more decided occur- 
rence of the original minerals of the parent rock than is found elsewhere. 








571 


Petrography of Some North Carolina Soils 


Dec. 27, 1915 








*yuesoid 
zyzenb Arepuooes 3auI0S 
*UOT}B19z[V [BOIS po}ees 
-dzeap SMOys Sout} 18 9313 
Olt “SBOTUI JO JUdzNIOD YSTET 

*pepunol ey Mouios 
sureizd ZyIenG ‘s}ueuIse1y 
peseze pus ysol1y se Ind00 
Mog ‘3 yue0 Jod of I3A0 
asodui0o §9asEpoyyJO pus 
aog 4 ‘“Ss[eJoulur JulIveq 
-Ysej}od jo yuazU0D YsIy Als, 


*Areumuid Apureur st zien} 
*@SB[IOYIIO 0} saydde osje 
siq} ‘ysezy Ayjedmutid st 
aw701g «=‘Ysty AJA St }UD} 
-WOD BTM 9} ‘[IOS 94} UI SY 


*yuao Jad oz ynoqe 
asodmi0> + 3a}yIAOOsnUI pue 
2301q YoryM jo ‘Zz1enNb 
300 S[elouIUr jo uazNIOD 
ysry Aq peziazovseyo [10S 


‘aseposryid 
*‘moonz ‘ajyni ‘aq 


“QUTTBULINO} ‘a}0prida t 
-UvUNTIs ‘azWouseU 


“gutpoosorar ‘a}IUBUIITISs 
“moos1Z ‘a}yHeuseUT ‘az0[YD 


‘ay ede ‘auaxo1 
-Ad ‘asepormed ‘a0. 


“aUTTeUurIM0} ‘ajopidsa ‘autpo -NZ ‘ajQni ‘ayueut 


OIITOE ‘SPIUVUNT]IS ‘WO0DITZ “IIs ‘eyuopyS ‘33 
‘QIN ‘ayneuseur ‘ayuo[YyD | -euseur ‘apualquioyy 

“ayede ‘ase 

~omed ‘suaxo1Ad 

‘asunuediss ‘m0dIIZ 

‘aynede ‘asepporseld ‘ayn § ‘autTeuiino} 

‘uoomz ‘aynni = ‘azWOTYyD ‘ayneusem = ‘apueyq 
‘ayjeuseu ‘apualquioyy | -ui0y ‘IUTTIOIOIW 

‘aynede ‘aseporsed 

‘auexoiAd ‘autued 

-Jas ‘ayIUBUTIS ‘woS 

‘ayHouseut “Nz ‘ani ‘osurpeur 


‘apua[quioy ‘uoosz ‘ays 
‘apueuiyis ‘ajopida ‘aur 
-~O1TUL ‘azyLIOTYD ‘asepPoy yO 


-1n0} ‘azOTYS ‘3313 
-suseul ‘apus|quioy 
‘surpoiotur §=‘a}Opiday 








“SyseUTIy 


“pues 


Ws | 


‘aqHOTYS ‘apuayquioyy | 








| 
*aqIA09 
-snur ‘(qso1j puv ‘aj0pida" 
pesezye) «=. ay }01gf peohea ‘anor 
| | 
H 
| ‘ay AOOsnu ‘aut 
| oli = ‘a30prida 
techie op’ *-**|‘asepouzio ‘azj01g 
| 
‘aj0pida 
‘QSBPIOYRIO ‘SIA 
ee op’-*-*| oosnur §=‘‘aznOg 
“asvlo 
‘SHIA -~oyzIO ~ ‘a}0pida 
~oosnur ‘ayNorg, | ‘OIMOTd ‘azLAOCOsSN]_ 
WIS puvg 





| 

















—Ul S[esourul JuepUNqe sso’ 





—uUrI zj1enb 40u s[visurm yuepungy 


—uUl ZjJenb jou sje 
-JIUIME Jo a3b} 2019 











| 
6v ad of OF IT | Cosas) ABMBXO], 
| | 
| | 
| | 
} 
“(Tos 
Ls os 110}0 | aovpns) ABMEXOT, 
| 
| 99 Ls of 03g |'*‘(Tlosqns) siszI0g 
Fe! “(Tros 
°9 | 2s g O10 aIVjINns) siayIOg 
| “SsayruUy 
‘ . | 
WS | “pues 
‘INdaq “SILI 





SNIVINOQOW NVIHOV’IVddv 


puyosny yz40N fo sjros fo uoytsodmoz jvnbolvssutyy—"T_ AAV, 








Vol. V, No. 13 


4 
S 
i 
S 
S 
a 
© 

Re 

— 
~) 
i 

S 

3 

: 
2) 

x 

— 
Ss 

~ 
8 
= 
: 

—™ 





“zyenb 
Arepuooes SMIOS ‘“s0RjINS 
oy} UT puNnoy Wet} IIIs 94} 
UI aJ0Ur Ay[esaues) *Zj1enNb 
3OU sjessurM jo yuma Jod 
tz SB Ysty SB SIVdsplaj Yse}Og 
“none 
-J27[8 [BOTUSYD pozees-daep 
smoys aHogd *Zyuenb 
30U s[esourul jo yJed 19} 8913 
24} esodul0 sivdspjaj ysejI0g 
*Areur 
“Ud Ayureut st zz7enG “sey 
-JNS 34} UI puNos ueYy} 3013 
“9p Jessa] B 0} posaz[e us0q 
Svy d3}0IG ‘“[IOS aoujIns 
Ul UBY} SSa] WdAd SI ZjIENH 


*S30BJ} DIU SB IND 
00 sivdspjaj yse}og “31S 
24} UT 3ua0 Jod S$ ue} ssa] 
Butsq 3 ‘SatJas SIq} Ul [ela 
“WIM SJBUIPIOgNs & st Z}1eNnH 


*prxo DOs pojes[gur sur 
-Alieo-zyienb ypny_ *pesaz 
-[B jsed ysour ay} 4JOj ae 
seul, “yuepuNge jsour 
s[esourur Butivag - ysej}0g 

*zy1enb Alepuoses 
TPNPF sees} sv Apuo punoy 
aynede pue aseposerd 
“s[eJoular 93} jo aul0s 
Suoure sv] usaye} sey wor} 
eBiyy “Zend jou seis 
-Ulur jO 3093000 YsIy JajeYy 


“wool ‘ann ‘ayneu 
-Beur ‘ajz0pida ‘apus,quioyy 


‘azauseu ‘339 
~o1q +‘a}0pida ‘spustquioyy 


‘asepooseyd ‘3313 
-9useUr ‘dzIAOOSNUT ‘azLIO[ 4D 


“@UTPOIOIU ‘aseD 
~OyyO ‘asepowed ‘3313 
“suse ‘azOTYP ‘dzTAOOSH 


“zy1enb Ul pepnypout 
a3Neds ‘aseporsed ‘ayHeu 
-SBUul ‘Woo IZ ‘ajIZns ‘ayrueUE 
“IIIS ‘a}UOTYD ‘espus;quioH 


“Joules ‘a}Heu 
-Beut ‘woomz ‘ajyns ‘ayraeUr 
“HIS ‘a}HOTYD ‘epusquioy 





‘asp 
sed ‘a}TawUNyTIs 
“QUITEUIING} ‘WOOTZ 
‘anni = ‘ayneuseur 
‘jq0pida ‘apualquioxyy 

‘apueUITyIs 
‘aseposed ‘33M01q 
‘auiyeuuino}, ‘aimns 
‘uoomz ‘ajynjeuseur 
‘apuatquioy ‘a}opidy 

*(S[esauTUE J3ay30 
UI papnput pue 3aJJ) 
ayjede ‘autora 
‘asep204}10 ‘asepo 
ord ‘ayeuseur 
‘aqzuo[yD «= ‘ayTAOOsN 

*(270pide ut 
pepnpur pue 2013) 
aynede ‘amipo19 
-1U ‘asB]90y}zI0 ‘aseBID 
-oed ‘ajjeuseur 
‘aqWo[yD = ‘ay TAOOSN 

‘aynede 
‘asepporzetd ‘aut 
-BLINO} ‘suTpPIOIOTE 
‘autjuediss ‘jauses 
‘syueUyTs = ‘syns 
“moolz ‘aqynjeuseur 
‘a}UOTYD ‘apuslquioyy 


‘aynede ‘asepored 
‘youres ‘auTjUedIes 
“QPUBUAT]IS ‘az1JOTYO 
‘moonz ‘apmni ‘339 
suse = ‘apusTquuoH 


“a}IAOOSNUI ‘aseTD 


0uzIO ‘auTTODIW 


‘asey> 
Gyo ‘“SMIPODI 


‘a,0pida ‘apuayq 
“woy ‘aN TOIT 


‘aHoIg ‘a30p 
-Id3 ‘apualtquioxy 


“az0pida ‘autp 
~O1TuL ‘ase 
~OY}J0 ‘azIAOOSN, 


“gulp 
Olt ‘aj0pida 
‘asepoyqz0 ‘33 
O1q) «= ‘ayIAOOSH AT 


OHO ‘suTpPoiy 


‘239 
01g ‘a}13ne ‘a30p 
“Ida ‘apuayqui0yy 


“synod 
‘aqu1ane ‘a30p 
-1d2  ‘apuaiqui0y 


‘az0pida 
‘aq130Iq «=‘azIA09 
“snur ‘asepouyOC 


*auTpDOIO TU 
‘s}0pida ‘(ysoly 
pues peaz[e) 
3319301q §=‘azIA0D 
-snur ‘asepouziO 


“ysry AIZA 


“Yysty A1ZA 


gt 03 OF 


of 07 £ 


’ 


*(qyosqns) ayraues_ 


*(Tros 
aoRpINs) af[tAuess) 


****(qHosqns) [japas] 


* (os aowysns) [JapesT 


(1Hosqns) }Day 


**(]YOs aowyins) [3D 





Ws 





“pueg 


WS 





“pues 


“WS “puss 








—Ul S[eJouIUE JUEpUNGe sso’T 








—Ul zjenb 300 sjesourms Juepungy 





—Ul Zj1enb jou sje 
-JIUIUL JO 93¥} UDI 











QVALVId LNONGHId 


penurju0j—purj0409 yysonN fo sjros fo uoyssodwmos jonbojpisusyy —*J AIAV], 





& 
™= 
=) 
Y) 
8 
= 
SS 
N 
8 
Oo 
= 
> 
Ss 
ra 
i) 
5 
Y) 
— 
S 
=~ 
& 
~] 
~ 
S 
Ss 
3s 
S 
A, 


Dec. 27, 1915 








“SaLias 
MIOMON 3t]} 03 Jeprunts Aja A 
*9SBlIOYIO posoyjeom 
-yonur Aq peZLiazoeIByS [10S 


“asoy ZyIeNb 
Arepuooas Ton ‘a0pidsa 
0}UT J9AO JZutssed jo sudis 
SMOYS spUs|qUIOY pus pojo 
“Wyeem ATpeq St ase"p0q3IO 


*T10s 
OBpLINS 3} UT punoj sB nO 
-{pUOo suTes 94} YONUT Aja, 


‘yuase1d sanp 
-Isai a3u0ds puv s[esourm 
A10WeIpI Ayyarq oq} Ajuo 


*AJTXo|AMIO0S [eT 
-Zo[esoUTU Ul [IOsqns pus 
THOS W39439q BOUIIIBIP 91931 

“gunjzeu 
AloyVIp1 A[pepHep e jo 
aie ZUTSIX9 SON], *ZjIeNb 
30U Ss[eleuTUr jo  3m3}000 
Moy Aq peZia}eIeEyD [10S 


“UTA 
~oosnur ‘moos ‘apn ‘3313 
suse ‘az,0pide ‘apusi quo 


“Joules ‘3}1A09 
“sn ‘wool ‘aj ns ‘apus,q 
-m0y ‘a}OpIda ‘asEpoTVIO 


“satnoids a3uods ‘33 
~9uSeUl ‘d}LAOCOSNUL ‘WOO 1TZ 
‘ans ‘apus[quioyg ‘a30p 
“Ida ‘asepoVIO polsyjEe AM 


*a}1Aoosnar ‘apusiq 
-Ul0O y ‘sIHeusem ‘ain 
“Ni ‘W0d11Z ‘sopnoids a3u0ds 

“3qN01g ‘yauses ‘aqoyyp 
*‘SJIAOOSNUL ‘SUTPIOIOTUL ‘9zT 
-UBUIT][IS ‘aIMeUseUE ‘aTyNI 
*GOoITZ ‘SUTTeULINO} ‘ajoprdyy 


“youres ‘azTVO1q ‘371A 
-oosni ‘apualquioy ‘a}t 
-UPUIT]IS ‘aeuseU ‘ats 
“WOOJIZ ‘SUTTBULINO} ‘a}opIday 


“aqLAoosnm “jou 
“383 ‘QuIyeULINo} ‘3317 
oTyP ‘ans ‘woo1Z 
‘sjneusemr ‘apualq 
-m0y4 ‘suTpojoTar 


‘azopida = ‘asepoyU;) 


*‘yousEs 
‘aqtAoosnul ‘azW0TYD 
‘auleuiino}, ‘afm 
‘aoomz ‘s}MeuseuUr 


| ‘@pUa|quJoy ‘ajopida 
‘AUTPOIOTUI ‘asEpDOYUVIO 


“youre, 
‘auTTeurn03 ‘0p 
-Ida ‘moolz ‘apua,q 
-WlI0Y ‘aINeuseM 
‘aquoTYyD ‘aj1Acosnur 
‘(peseqeom ATpeq) 
asEPoy WO ‘suTPOID 


-tur ‘sajnoids esuodg 


*‘youres 
“ayLoyYyD ‘aztAcosnur 
‘aqneuseur ‘epus]q 
-mi0y ‘ayns ‘woo7z 


‘satnords a3u0ds ‘aut] 
-BULINO} «=‘aUTPOII 


*** “SanpIisel as¥jI0qIIO 


“QuTpPoIoTUr 


‘(SONpIsel) ssepoyUO 





“aut 
-O19 tut ‘(sanp 
1821) as¥pPomO 








NIV’Id ‘IVLISVOD SILNVILV 


“(Tros 
ZingezuvziOC 


“(110s sows 
ZingesueiO 


“(TOs a0} 
-ms) }nour1s}0g 


“**(qlosqns) 3JOpPON 


*(1f08 
aoVyIns) AOPON 








*TIOS SOvpINs 9q} UT punoy 
se8 worIsodmo. ed130Te 
-J2UTUE sUTeS 3} FOnuE Alo, 


*posaqye A[peq aie asep> 
OVO pus a3n0Iq = *31n} 
-tu Alo}eIJI B jo oIB sje 
“BUI, “prxo wort jo s3ut 


4800 3mALIeO-zyIENb PNA 


“moomz ‘ayryns 
‘aynorq ‘azo, ‘az1ueUr 
“TS ‘omyeutsno; ‘aj0prdy 


*‘aqnorgq ‘0D 





“IZ ‘anny ‘sqoyyD ‘aut 
-8ULIN0} ‘ayIUEUIT]Is ‘sOpidy 





“uly 
-BulIno} ‘aj]MeuseUr 
‘auTpPOITUE = ‘UOOIIZ 
‘anni ‘epuslquioyg 


‘syIURIIs ‘ajoprday 


“amJIOI9 
Tur ‘a}Meuseur ‘aut 
-euLno} ‘arfjorg ‘ O09 
“NZ ‘ajTyns ‘azWoTYS 


‘apuatquioy ‘s30pida 
‘SPIUBUIT]Is ‘a}HeuseL 





*aqAoosnul ‘amy 


~O1ISTUL ‘3sBPOYUVO 











*(Tros 
-qns) ad[[TAa3J0ec) 








soepms) oaadie0p 








574 Journal of Agricultural Research Vol. V, No. 13 





An average of five samples of soil of the Porters series, including 
types of different texture, shows that 52 per cent of the minerals in the 
very fine sand separates comprises other minerals than quartz. The 
potash-bearing minerals are decidedly the predominating ones. Biotite 
and muscovite mica have been found among the predominating minerals 
in all five samples, having an average of 20 per cent of all the minerals 
except quartz. Orthoclase is very abundant in the soils of this province; 
it, too, has been found among the abundant minerals in all five samples. 
Microcline is often encountered, especially among the sand particles; 
however, it is not found as abundantly as orthoclase. A study of the 
optical properties of biotite and orthoclase often shows them to be under- 
going well-marked chemical alteration, the former being metamorphosed 
to chlorite and epidote and the latter wearing down, leaving a somewhat 
skeleton-shaped residue. Plagioclase’ feldspars are encountered often in 
the soils of this locality; in many instances they are found as well- 
preserved fragments, which show clean faces and sharp edges, as though 
little decomposition had taken place. 

Another point that may be worthy of note is the accumulation of micas 
in the silt separates. Not only is this true for the soils of the Appalachian 
Mountains, but it is most frequently the case with other soils of the United 
States. If these minerals are found in a soil to any appreciable extent, 
they usually occur in the largest quantities among the finer particles. 
This is readily accounted for from their cleavage and other physical 
properties, which cause them to be quite susceptible to the forces of 
weathering. As these minerals are carriers of the element potassium, 
practical significance may be attached to this fact. As they occur 
among the finer particles, more surface is exposed to the forces which 
make the soil solution, thereby causing more of this element to be of 
service to plant life than when found among particles of coarser texture. 

Pyroxene and serpentine are found in more abundance in the Moun- 
tain soils than is usually the case with those of the Piedmont and Coastal 
Plain provinces. 

Apatite, the mineral carrying the element phosphorus, is somewhat 
more common in these soils. It is found both as prismatic apatite and 
as tiny needles inclosed in other minerals. Fry? has called attention to 
the persistence of included apatite in soils, which may have some bearing 
on the availability of this element when so found. 

The mineral epidote is often found among the predominating minerals 
of the soils in all parts of the State. Its persistence is readily explained, 
as it is a product of the metamorphism of the lesser resistant minerals, 
biotite and hornblende. 





1 The writer has not attempted to differentiate between the members of the plagioclase group. 
2Fry, W. H. The condition of phosphoric acid insoluble in hydrochloric acid. Jn Jour. Indus. and 
Engin. Chem., v. 5, no. 8, p. 664-665. 1913. 
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Tourmaline, sillimanite, rutile, and zircon persist in many soil series; 
in fact, in very few in this State are they entirely absent. They are 
extremely resistant in character, which is undoubtedly the cause of their 
persistence. 

The soils of the Cecil series are by far the most predominating of the 
Piedmont Plateau. Though formed from the same general character of 
rocks, they differ decidedly in mineral complexity. The quantity of 
minerals other than quartz in the Porters series is nearly double that 
of the Cecil series. However, minerals of nearly the same kind are 
encountered in both. As a general rule, greater decomposition has 
taken place among the minerals of the Piedmont soils; especially is this 
true of the silt particles. In many of the clay types of the Cecil soils 
biotite mica is found in only minute quantities, which would tend to 
show that it is passing out of existence in these older soils. Plagioclase 
feldspars and apatite are found only in very minute quantities in the 
soils of this series. Even the quartz particles appear to have undergone 
much greater wearing than in the mountains. 

This is in accord with the work of Coffey * in showing the effect of 
topography upon the composition of soils. In the mountains the forces 
of erosion have not allowed the soil mantle to become as well defined 
as it is in the Piedmont Plateau; consequently, there is greater pre- 
ponderance of the minerals found in the parent rocks when the super- 
ficial covering is removed. This fact is better illustrated in the accom- 
panying reproductions of photomicrographs of representative soils of 
the two provinces (Pl. LII). Quartz and some of the other minerals are 
eliminated in these cuts, but the relative number of minerals other than 
quartz in the two samples is easily discernible. 

The Iredell soils are formed from the basic eruptives, mica diorite, 
gabbro-diorite, and meta-gabbro. Quartz is a subordinate mineral, for 
in the sand portions of five samples whose averages were taken 80 per 
cent of other minerals than quartz is found. Among the silt particles 
quartz amounts to only about 5 per cent of the total minerals. Epidote, 
hornblende, and augite compose the greater part of the particles of 
coarser texture, while biotite and pyroxene are found more abundantly 
in the silt. Very little decomposition had taken place among any of the 
minerals found in this series; even the plagioclase feldspars, which occur 
in rather large quantities, do not show signs of serious chemical decom- 
position. An interesting point is the scarcity of the potash feldspars, 
orthoclase and microcline. Apatite is found in much larger proportions 
than in any other soil series in North Carolina, which is in accord with 
the total chemical analysis. As an average of five samples of the Iredell 
loam, the phosphoric-acid content is found to be 6,251 pounds per acre 





1Coffey, G. N. A study of the soils of the United States. U.S. Dept. Agr. Bur. Soils Bul. 85, 114 p4 
map. 1912. 
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for the first 624 inches, which is considerably higher than the average 
for the soils of the State. Field experiments which have been conducted 
on this series for the past five years indicate that phosphorus is in no 
way the limiting element in crop production. 

The Granville soils, which are found in limited areas in the Piedmont 
Plateau, are formed from sandstone and shale. These soils are unusually 
high carriers of potassium, which is supplied mainly as microcline and 
orthoclase. While some biotite and muscovite are encountered, very 
little of the potassium must come from this source. It would be inter- 
esting to have field data on the requirements of the soils of this series 
for potassium, for comparison with those of. the Mountain province, 
in which mica predominates. 

The Georgeville soils represent those formed from Carolina slate, and 
the minerals other than quartz are mainly the potash feldspars and those 
of a highly refractory character. Many of the particles carry an infil- 
tration of iron oxid, which makes identification quite difficult. Much of 
the orthoclase and biotite is badly altered, while other particles of these 
minerals are found in an unusually fresh condition, which indicates that 
an admixture of the material which enters into the formation of this soil 
has taken place. 

The soils of the Atlantic Coastal Plain are characterized by their low 
content of other minerals than quartz. The Norfolk and Portsmouth 
series are by far the prevailing soils of this province, and, with few 
exceptions, no particular mineral other than quartz predominates. 
It might be said in passing that a few instances occur in which the other 
minerals than quartz will run higher, but this is unusual. 

The average among the sand particles for the Norfolk series will not 
exceed 5 per cent of minerals other than quartz, of which none pre- 
dominate. Among the particles the size of silt will be found orthoclase 
residues, microcline predominating. The less abundant minerals are 
composed mainly of a heterogeneous mixture of the more refractory 
minerals found in the provinces of higher topography. A point of interest 
is the scarcity of the micas in the series; they are encountered often, but 
the quantity found is usually so small that they can be of little value 
in maintaining the potash content of the soil solution. Apatite and the 
plagioclase feldspars are rarely found, as they have passed out of existence 
during the formation of this soil. 

The Portsmouth soils are quite similar to the Norfolk, the only dis- 
tinctive difference being in the amount of organic matter found in the 
former. On account of their location, which is usually in submerged 
or recently drained areas, an accumulation of vegetable matter is en- 
countered. The average content of minerals other than quartz in this 
series is even lower than that of the Norfolk, being 3 per cent. The 
persistence of sponge spicules or Rhizopoda casts in this series is rather 
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interesting. These ham-shaped, isotropic particles are the remains of 
some form of life that flourished here during the submergence of this 
land. 

In the Orangeburg series occurs a higher content of minerals other 
than quartz than is found in either the Norfolk or the Portsmouth series, 
but still the amount is small. The soils of the Orangeburg series re- 
semble the Norfolk in many respects, and the same general minerals are 
encountered. 

The low content of other minerals than quartz in the soils of the 
Atlantic Coastal Plain is in close agreement with the total chemical 
analyses of the three plant-food constituents—phosphoric acid, potash, 
and lime. Many chemical analyses of the soils of this province show the 
above-named elements of plant growth to be exceedingly low. Not only 
do there appear to be close relationships existing between the total chem- 
ical analyses and their mineralogical complexity here, but in the soils 
of the entire State. This would suggest that since the petrographic 
methods have reached so high a state of development they may be used 
with a fair degree of accuracy for estimating the amounts of the mineral 
plant-food constituents carried by a soil. On account of the ease of 
manipulation and the time saved in their use, they lend themselves 
readily for such purpose; especially is this true in scanning soils for the 
farmer. The information gained is usually not commensurate with the 
time and expense involved in making “bulk analyses” of soils for 
farmers. As a rule, it is not necessary that he know the exact number 
of pounds of plant food contained in his soil; an approximation will 
usually suffice. A very close estimate as to the quantity of the elements 
present may be easily secured with the microscopic methods; even 
more, the way these elements are held is revealed. If more data were 
at hand showing the availability of the various mineral elements of plant 
growth furnished by the different soil-forming minerals, more definite 
information could be obtained as to the fertilizer requirements of the 
land with the microscope than by “bulk analyses.” 

In a former publication ! the writer submitted data from which there 
appeared to be some relationships existing with certain crops between 
the mineralogical and chemical composition of the soils of this State and 
their requirements for the inorganic elements found in the usual ferti- 
lizer mixture—namely, phosphoric acid, potash, and lime. Additional 
evidence will be submitted along this line, using the cotton plant as the 
indicator for measuring the relative densities of the soil solution. 

In Table II will be found the average results of seven years’ fertilizer 
treatments with cotton at the Iredell Substation, located upon typical 
Cecil clay loam. 





1Plummer, J. K. Relation of the mineralogical and chemical composition to the fertilizer requirements 
of North Carolina soils. N.C. Agr. Exp. Sta. Tech. Bul. 9, 29 p. 1914. 
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TaBLE II.—Average yield of cotton on fields A, B, and C, with seven years’ fertilization 























at the Iredell Substation 
Average yield of seed cotton per acre. 
Average 
Treatment Field A . rane 
: (1903, 1904, i. Field C due to 
— ie. (1908). fertilizer. 
1909). 
Pounds. Pounds. Pounds. Pounds. 
RDS Si esis ics oe: oaen shape unine. 210. 6 377-5 505. 0 —11.7 
PUAN BING 0 5 8.50 0:05 0: 554,0:05 5 was 0 655. 6 897. 5 860. 0 441.8 
Risa nbie nich iKcRGe wen res 301. 3 537-5 435.0 85. 4 
Nitrogen and phosphoric acid. ......... 897. 5 727.5 620. 0 520. 1 
Witmopen aid Potash... 0s's6,0:0.0:0:9 0si6 sales 348. 8 406. 3 400. 0 96. 5 
Phosphoric acid and potash............. 855.0 959. 8 725.0 608. 0 
Nitrogen, phosphoric acid, and potash. . 923.8 | 1,002.3 | 1,070.0 917.7 
PS eer er ty, em 97-5 160. 0 430. 0 27.0 
Lime, nitrogen, phosphoric acid, and 
58 ois. dare tea teat ermine e ces 728. 8 637-5 945.0 573-5 





A glance at Table Il will show that phosphoric acid is the limiting 
or controlling element of plant growth for this soil. An average increase 
for the seven years’ treatment of 441.8 pounds is obtained with phosphoric 
acid alone, while there was an increase of only 85.4 pounds with potash 
and no increase at all with nitrogen. Nitrogen added to phosphoric 
acid produced but a slight increase over the latter constituent alone, 
while potash added to phosphoric acid produced a somewhat better yield. 

Table III shows an 8-year average with cotton at the Experiment 
Station Farm at Raleigh with typical Cecil sandy loam. 


TABLE III.—Average yield of cotton on fertilized fields A and B at the North Carolina 
Experiment Station Farm, Raleigh 











Average yield of seed cotton 
per acre. 
_ Average 
Treatment. pigs oop 
Field A , | Field B _ | acre due to 
toy AS foams, at fps fertilizer. 
and 1908). 1909). 

. f , Pounds. Pounds. Pounds. 
Nitrogen and phosphoric acid............... I, 154. 5 768. 2 415. I 
Nitrogen and potash. ............sseeeeeeee 994- 6 437-7 169. 9 
Phosphoric acid and potash.................. I, 126.0 895. 3 464. 
Nitrogen, phosphoric acid, and potash....... I, 130.8 925.7 524. 6 
SO ee 5 TN es Pern Rare 619. 5 320.1 31.9 
Nitrogen, phosphoric acid, potash, and lime. . I, 007. 2 975-3 572.7 
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The 8-year average with cotton given in Table III again shows that 
phosphoric acid is the controlling element in these fertilizer tests. When 
potash and nitrogen are used in quantities, as in this experiment, only 
slight increases in yield are produced. The former constituent gave a 
slightly greater average than did the latter. The average “bulk analy- 
ses’”’ of many samples of soil from these two fields, as well as from Norfolk 
fine sandy loam, will be found in Table IV. 


TaBLE IV.—Average quantity of the total plant-food constituents per acre in various types 
of soil 


SURFACE SOIL, TO DEPTH OF 624 INCHES (2,000,000 POUNDS) 





» Phosphorus * ‘ 
. Nitrogen A Potassium Calcium 
Soil type. (N). peptoxid | oxid (Ka0). | oxid (CaO). 





Pounds. Pounds. | Pounds. Pounds. 


ET ON IRN ice ciiescabuninwnsmmndsis I, 141 1, 155 7,213 4, 656 
CRO MES CUI enssicctvevcndsvencen 769 503 2,994 5, 542 
Norfolk fine sandy loam................. 853 953 3, 087 3) 220 

















SUBSOIL, TO DEPTH OF 28 INCHES (8,000,000 POUNDS) 





IS oo oe inde en po enecoes 2, 378 9, 169 25, 090 19, 933 
Ce ORM MIO oaias icc dineaies xedsteen I, 993 4, 007 19, 073 26, 512 
Norfolk fine sandy loam................. I, 360 I, 573 II, 453 ' 





A comparison of the yields of cotton on the two fields shows marked 
similarity in fertilizer requirements though the fields are over 100 
miles apart. These soils belong to the same series, though of decidedly 
different texture, one being a rather heavy clay, the other a medium 
sandy loam. Unquestionably there are numerous other factors than 
the amount of plant food carried by the two soils which enter into 
their productiveness; nevertheless, some relationships exist between 
this question and their requirements for these fertilizer elements. As 
shown in Table IV, the phosphoric-acid content of both soils is low; 
until this element has been added in sufficient quantities there can be 
no increase yields. Although the nitrogen supply in the two soils is 
found in about the same proportion as the phosphoric acid, it is evidently 
changed into a more available form faster than the latter element. 

The potash content of the Cecil clay loam is about double that of the 
Cecil sandy loam, both soils showing that potash is in no way the limit- 
ing element. Indeed, it is doubtful whether this element can be applied 
to the former at a profit. A glance at Table I, which gives the mineral 
composition of the Cecil series, shows that in the fine sand and silt 
separates the potash minerals predominate and that biotite mica is 
found among the abundant minerals in all five samples. 
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Lime has not given material gains with cotton in either test, owing 
undoubtedly to the physical condition of this land and the large amount 
of lime carried by the two soils. As a general rule, the minerals which 
carry lime in the Piedmont soils are more susceptible to chemical and 
physical decomposition than those found among the fields of the Atlantic 
Coastal Plain. 

Table V gives the average yield of cotton on Norfolk fine sandy loam 
at the Edgecombe Substation with seven years’ fertilization. 


TABLE V.—Average yield of cotton on fields A and B with seven years’ fertilization at 




















the Edgecombe Substation 
Average yield of seed cotton 
per acre. 
Average in- 
ee Field A ( due to fertilizer 
ie 1903. | Field B ( | [due to fe er. 
t904,r996,and | 597, and 1909.) 
Pounds. Pounds. Pounds. 

MINOR 6 5G honest 5 CRN dwv owas emAN aids I, 030 AT RP eras 
Nitrogen and potash. .............seseeeeee I, 215 1, 059 376 
Phosphoric acid and potash................ 1,076 873 217 
Nitrogen, phosphoric acid, and potash....... I, 193 I, 022 348 
Nitrogen and phosphoric acid............... I, 108 717 167 
ee ne er Tee Pee 1, 061 510 62 
Lime, nitrogen, phosphoric acid, and potash. I, 441 I, 024 499 





Table V gives the results of fertilizer tests which are in marked con- 
trast to those obtained from the Cecil series of the Piedmont Plateau. 
Fertilizer mixtures carrying potash give the most marked yields; in 
fact, nitrogen and potash give greater returns than the three fertilizer 
constituents. 

Lime in connection with the three fertilizer elements has produced 
decided gains. The physical condition of this soil is surely as good as 
that of the Cecil sandy loam at Raleigh, and the amount carried by the 
soil is quite sufficient to furnish this constituent as a plant food for a 
number of years tocome. The petrographic examination of the Norfolk 
soils gives epidote as the only lime-bearing mineral of any consequence. 
It would seem therefore that lime carried in this form is of doubtful value 
in performing its functions in the soil. 

The amount of potash here is even greater than that found in the 
sandy loam at Raleigh, yet potash seems to be the limiting element on 
this field. Weathered orthoclase and microcline furnish practically all 
the potash supply of this soil, while biotite and muscovite micas are 
much more abundant in the Cecil series. 

Another interesting point brought out in these experiments is in 
regard to the phosphoric-acid content of the three fields. In the Edge- 
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combe field the content of phosphoric acid is somewhat less than that of 
the Cecil clay loam at the Iredell farm, yet in the latter soil phosphorus is 
the limiting element; but this is not the case in the former, owing doubt- 
less to the way this constituent is held in the two soils. The supply of 
phosphorus must be stored in the organic form. ‘There is practically no 
apatite in this Norfolk soil, while it is readily encountered in the residual 
soils of the Piedmont Plateau, occurring both free and included in quartz 


and other minerals. 
CONCLUSIONS 


The results of this and other work on the subject indicate that the 
following conclusions can be drawn, some of which are undoubtedly 
applicable to other than North Caroliffa conditions. 

Wide variations in mineralogical composition are found between the 
soils of the Appalachian Mountains, Piedmont Plateau, and Atlantic 
Coastal Plain. There is unquestionably a greater supply of minerals 
which carry the inorganic plant-food constituents in the Mountain soils 
than are found in either the Piedmont Plateau or the Coastal Plain. 
Though many of the former soils are derived from the same rocks as 
those of the Piedmont province, the forces of erosion among those of the 
mountains cause them to contain minerals more nearly the same as the 
parent rocks than are found elsewhere. 

Definite information is required on the behavior of the various soil- 
forming minerals to the forces of weathering before positive conclusions 
can be drawn on the availability of the plant food carried by the different 
minerals, 

The field results with the cotton plant indicate that there are some 
relationships existing between the mineral component of the soil and the 
requirements of this plant for the three inorganic fertilizer constituents, 
phosphoric acid, potash, and lime. 





PLATE LII 


Fig. 1.—Photomicrograph of Porters soil of the Appalachian, No. 5 sand. 
Fig. 2.—Photomicrograph of Cecil soil of the Piedmont Plateau, No. 5 sand. 
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